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ABSTRACT 

TSm problem of datarminls^ tha feaaiMUty of asepiuitdimf tlM 
•yataxo dasignad by Ganaral Elactrociea Laboratoriaa^ Iisc, , iato a 
largo prastieal array isvolvaa ao inany aspacte tfeat ra^ra coaeantrao 
tad otttdy that tbio Inveotigatioa a«a to a stady and static 

analyois of tisa eora and ddoda matrix oebama. 

Tba iramediataly obvious problem was diode back laaltaga currant, 
WlMixum»r larga suxnbars of crystal diodes ara coaaaetad ia parallaU tba 
summati<m af Ixtdividnal l^k taakaga currants at critical pedsts may 
causa trouble by dsstroyisig stored infomaati^ in a eora» or by sufticieatly 
reducing tbe net magnetising feree on tha salaetcd core so that proper 
raadotd is not Insurad. In addition* laakaga currants ganarabi directly on 
tba output winding an unwanted voltaga that may Indicate wrong informa« 
tion when a core is read out. 

Te determine tbe sine limitation ixx^osed by tbe foregoing con« 
ditions* tbe diede matrix was analytically radusad* and tba magnStuda of 
total laakago earrant was cakuUtad as a foaction of matrix staa and read 
currant. Tha pulse raspeasas of tha core used in the modal in tba "clear’** 
"1"* and ”0*' remanent states ware than obtained for currants in tha range 
of interest. The core response data was than correlated with the matrix 
analysis to find out which condition was tbs limiting one. Interpretation 
of tba data was made usuiar tba assumption that the memory core and 
diede charecterietice were identical. 

The results included: 

1) Leakage currant output voltaga is a function only af total teak* 
age in a a » plane and Is of the same sign at the readout voltage. 

2) The use of silicon point • contact diodes allows a much greater 
matrix sine. 

3) For small disturhaneas* tha magnitude of tba ostjuut voltaga of 
tha core is indapandaid of tha state or tba direction of tba 
disturbance. 
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Tlui coftclosiocM «nd v«coimn«sbdUittoas inctttil*^ 

1) l^aikagfE c»rr«st roltftg« 1» timt t)utt limit* matrix 

•is«. 

a) Cood ejNi:^ati«a £a&y Imb ol^«iiui4 itmm x 32 x 32 

siM» s • plftM matrix. 

3) TImi ^p«ratl(m «f a 44 x 44 *is« s • pl«&9 matrix waxld ba 
marfixial at baat. 

4) Tba axlstinf 4avica may not ba operatteg uadar optimum eon«> 
ditiona. At tba raad current valwa of 100 ma. u*e4{, tba cores 
do not giira tba xnasdmxm dilleranea batwaan '*!” and **0" 
readout voltafa*. 

5) The uea of cUp|dnf instead of reference core ceanparisoi: tecb» 
nlq^» or tba i*ee of a reference core dif£erant from tbe 
memory core will greatly iacraaee tbe limit to wbicb tbe 
matrix may ba extended. 

4) A complete dynamic analysis should be made to determine if 
a limit is imposed by diode ebunt capecitance and core 
indttctaaee. 
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INTRODUCTION 

Thm bauii* of the r«adoi£t sDuetIuM! developed by 

General Electronic • I*abs, Inc,, and tested in a elacteen word bread* 
board model is minor loop permeability. Bvosortb (1) shows bow 
minor loop permtabiUty varies for dlffereat remanesd states . T&r a 
stable remanent state near tha maximum negative remanent state, the 
ratio ef minor loop permeability to the parmeaMUty at the undisturbed 
xere (caanbzmm positive remanent) state is ai^rexlxnately 2 to 1» 

In Fig. I, stable remanent state ''A** is dsBaed as a ’*1”. 
Normally, maximum negative remanence is given this designation, 
bet in order te proceed logically from the work already done on this 
method, the notations previously established will be ceatinued. If a 
core in state is pulsed positively to H*» tha magnitude of the outind; 
doublet voltage which appears across seeemdary windings will be 
appreidmately twice the voUage that would appear If the core were in 
the ”0*’ state. Since state *‘l" is stable, a readout pulse of magnitude 
H* may be applied an infinite ntmaber af times without destroying the 
state, and ttMi intelUgextce stored by the core may be determined by the 
secondary voltage magnitude. The advantages of this nondestructive 
readotd syetsm over the presently taxed read « rewrite system of 
coincident currents is felt not to be a part of the objectives of this 
investigation. 

Two practical ways of differentiating between the 1’ and "O'* 
read voltage# are cUppliig and reference core comparison. In the first. 



I 



•#1 






i •» 



IP 












J «4 I 
.»#• A 



*•^1 

a • V 

mi 



m/i4mm »| mt 

sm 

•* 



$v 



mMh $ 



•4 OV" f*t 

•«!• »4 



U044 «A n 



A .iMma ti ‘*1* «iiA» 

%• 







»« • 






3 



I 



the maximum ”0” owtjmt voltefe be determiners mad ciicuilt 

woald be designed to excttade ell sigeels below that level. In tMs 
mmimer* the output fr«mi m etored eae would yield « sigs&l but the out* 
pot irona e sbered aero would net. 

The second szMthod e«x&|»ares the output of the memory cere 
wiiii thae o£ » reference core which i» elweys in the sera »iete. The 
cores ere pulsed idesdicsfcly iMui simulteneously* end tbs outputs ere 
fed te s difference auupU^er. li the memory cere holds a nsro, tbs 
eosnperison with the refer« 2 ^» c**re In the dUferesc* amplifier will 
theoretically yield no output, whereat if it holds • » tliere will he asi 

output. General Electronics 'L.ih: , chose this method in constructing 
their workiag model. 

To show hew « memory znst**in may operate ew this principle of 
noadestructiTa readout, a 4 by 4 hy 4 matrln will be need as an lUustra- 
tien. Fig. M is the circuit diagram of the memory. Incleded on this 
figure are wlrixm diagrams for hoth the reference and memory elements. 
Fig. n shews the spatial cenfiguratlon of the matrix. 

The matrix capacity is sixteen words of four Maary digits per 
word. The four cores with the same (x, y) coordinates in all four 
a - plszxes make s^ one werd. The % and Y drivers work In pairs, so 
that the selection ef drivers and pulses the word (ac^, 

Each word has a rofarenee core associated with it, and each core has a 
forward and hack diode associated with it. 

Pulsing a word through the '’dear’- circuit sends a 100 ma, pulse 
through twenty tarns on. each core in the word, and drives them all into 
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tlM> ma^nxom ttegtttiTe rutmMXitxi At %h» tame time* r«ir«rB«4 

carr«Kt coan«cti»Rji «n the refsrem:* cor* *<*cociat«d with thm word 
drire* it isto flt« *’d" ox pa»itiv« r*mss*nt stfti*. TIm cltsjir co»diti&a, 
tb*», i« all »a«mory cor«a i& Um> maadmicm aag ativ* ramaiMat state 
aad re£*r«nce core la tlM ”0’' state* 

To write a ^*0'* isto a memory coxe» the appro^rriate X, T» and 
Z driver* are eaergiaed. The X aad T driver* ia comMsudiaa* aad tlM 
Z drivers eaek supply 100 ma. through tea turns aad switch the desigaa- 
tad cor* into the '*0*^ state, AU other cores ia the a • plans aad all 
other cores in the word are distarbed £rom the clear state into the 
stable "I'* state hy a magaetiaiisg force of one ampere • tura» siiu:* 
the Z driver selects aa esatire plaae aad the X aad T drivers select a 
whole word* The reference core state is net distarbed hecaas* the 
writ* • aero pulse is hs the p<Mtitiv* direction^ i. e. » la each a direction 
as to drive it farther late the ”0" stats. 

Writiag a 'T' into a core merely re^res that the core he dis* 
tarhed by 100 ma. through ten tarns. Ones are written into whole words 
at once by **l»ction of appropriate X aad Y drivers. 

Similarly, ia ri»adiag «mt, entire word is read cmt at cmce. 

Each X • plane has its own ootpwt winding which threads all cores ia 
that plaae, A selected comhinatioa of X aad Y drivers palses a word 
aad its reference core with oae ampere « turn. This amplitude read 
paisa wilt not distarh cores from their stable state*. One core in each 
a • plane is therefore energised, aad the oat|mt of each a • plane is 
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cetaap*r«d# ia a diltercace ampU{t«ir, witli the ^olti^e output of tho '*0" 
•t«t« reitrmwm c»rm of tlM solectod word. Tliis ro&dout procttaa may 
be repeated «n ia^niSe wcmNir ef times tvitbenit destroyiax the ia&elU* 
fence on the ceres. Rending out amd writing ones are tdentical opera* 
tiens Insofar as the drirers are concerned. 

For farther inforznatieB concerning tlM actaat ciretiits and 
operation ef the breadboard model cosetructed by Gs.%»ral Electronics 
I.abs. Ixu:., see {Z). 

The Diode Matrix 

Fig. Ill shows that paraUeling the core matrix is a diode matrix* 
the purpose ef which is disassoclmtion of tbs ’cUar’^ and "read • write" 
circuits. Since the diodes are not perfect* some teaksge occurs. As 
the matrix is expanded ia site* more back paths thrc>igh tim diodes are 
put in paralleU increasing the tetal leakage current. These isdirtdual 
back leakage currents may cesabiae at paints ia ^e matrix. If the com* 
Mned leakage current le sufficiently large, it may cause trouble in 
three ways. It may disturb the remanent state of a core. It may generate 
ax unwanted vottags directly cn the output winding that causes the indiea* 
ti<m of wrcKsg information. Finally, it may reduce the net magnetising 
force ex the selected core sufficiently so that its voltage output when 
readout cannot be differentiated from the "0" output of tbe reference core. 
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PROCSPimK 

Tke dlo4« matrix im Fig. Ill w&s redrawn la tkraa dimaaaians 
withcttt tha csre« a» shewn ia Fig. IV -A, When tha assumption is 
zaa.de that all diodes are identical* It Is possihle to reduce the three 
dizneaaicmal matrix of Fig. IV «A to the simple parallel circuit of 
Fig. V-A. Use of this circuit in coojunctien with forward and reverse 
low voltage characteristic corvee for the IKSdA (the diode employed by 
the system under consideratloo) permitted the calculation of leakage 
current versus read curreat for various values of matrix si»e. 

The voltages cm cere output windings for tew ampere • turn 
iu|>ttts were obtained in the laboratory. A eoutinuous spectrum of 
this leakage voltage was obtained tar the throe different states in which 
the cere could be, tlM> clear state, the '*1 ’ state, aadthe "0 * state. 

The matrix leakage piths were analysed te determine the loca- 
tions of tbs ’critical'' points where all or many of the individual leakage 
currents combined. 

The laboratory data wm correlated with the diode matrix 
aaalysis and the leakage path analysis to estimate to wbat approximate 
sixe the matrix could be extended before one ef the three troubles 
previously mentioned Mocked a farther iierease in sixe. 
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RESULTS 



1) For small ampers • turn magnetizing forces* tfMS magai* 
tude of the voltage output of the core is Independent of the state of the 
core or the direction of the magnetizing force. Fig. VI shows the 
voltage output curves for a core in the •*!”, "0*’, and ’’clear" states 
when pulsed positively. The curves are identical up to a value of 
about . 2 ampere « turns. 

2) Leakage current output voltage is a function only of total 
leakage current in a z •> plane. 

3} Leakage current otxtput voltage is of the sense to add to the 
"1" and "0" output in the z • plane output winding. 

4) Irfsakage current output voltage is independent of the "z" 
direction of ejqpanslon. 

5) Total leiduage current increases with an incresae in read 
current or matrix sizes. See Figs. VII and VUI>A. 

6) A selection magnetizing*force current of 1. 1 ampere •• turns 
yields a higher "I" to "O" output ratio than i. 0 ampere * turns used in 
the system. The plot of the output curves for these two remanent states 
is shown on Fig. VI. Increasing the read cxurrent to some higher value 
will ease the problem of diff«re 2 d;iating between the I ' and "0" caitputs. 

7) Fig. Vn shows one curve for silicon diode* Transitron type 
S>5. The leakage currents computed for a 256 x 256 size znatrix using 
these diodes are less than those in a 50 x 50 size using the IN56A. 
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DISCUSSION OF RESULTS 

Matrix Analygja of Leakage Pfcthc 

The exact locations of anticipated trouble conditions were 
established in general terms by analysis of the leakage paths shown 
in Fig. IV-B. 

« th. word at (xj, yj ) wu ..looted to bo read, all core, in 
every x - position on the yj line, except the selected core, could 
have its remanent state sufficiently disturbed so that the output voltage 
would indicate a when a was actually stored. This is seen by 
observing that the magnitudes of the leakage currents through the 
** clear” and “read” windings of cores in positions 3. , Yi^ 
approximately equal. The “clear” winding has twice as many turxxs 
as the read winding. Therefore, the net effective magnetising force 
on the core is from the leakage current in the ’’clear” winding which 
tends to ^sturb the cores toward the negative remanent or “clear” 
state. If the core is disturbed sufficiently (not necessarily all or even 
most of the way to the ”1” state) its output voltage when read at a 
later date could be large enough to indicate a ”1”. 

It is also seen that the same magnitude of leakage current in 
tlw above "clear” windings also flows in the ”clear" winding of the 
selected core. If this leakage current is sufficiently large, it may 
reduce the net read magnetizing force to such a value that a ” I ’ output 
voltage is reduced so that it may not be differentiated from the ”0" 
voltage of the reference core. 
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Howctver, if tho«« leakage currente are traced back through 
their patha« it i» established that the eum of both the ’’clear’' euui 
"read” leakage currents at 3, , .n» Yj) flow* through read v/ihdiag* 

at core positions (xi, y-* » ). The effect of these currents is to 

generate an unwanted positive voltage on the output winding. If the 
selected core stores a ”0". this leakage cuxrem. voltage adds to the "0” 

K ' 

output voltage from the a * plane and the sum may be sufficiently 
larger than the reference core "0” voltage to indicate a ’1". It Is very 
important to note that this leakage current voltage also adds to a "I" 
output voltage of the z • plane. 

Let Ij equal the read current. equal total leakage current, 

Ig equal leakage current in ‘clear” winding of the selected core, and 
n equal Unear dimension of znatrix size. 

Then for n = 75 (75 x 75 matxix), at Ij^ - 100 ma. , = 33 ma. 

The maximum leakage current in the "clear" winding of the selected 



core 



i» JZ — - -11 = .2215 ma. The ratio of 



2 n-1 149 



100 



= 452. 



For iL = 100. the ratio ofj i, 

I magnetizing force from alone 

c 

. 98 <1^ flows through twice as many turns) . Since the read H - 1 amp. 
turn, the net H on the selected core equals .98 simp, -turns. This 

reduces the magnitude of the "1" output voltage by only - 1 - of a volt 

200 

1 

or 5 mv. (from Fig. IX-B). Since the ratio, ^ for n a 75 is more 

^c 

than four times 100, the ratio of magnetizing foxxes is even closer to 
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1 . 0. A matrix of n = 75 is already past what is considered marginal 
operation by reason of leakage output roltage. ^See Correlation of 
Core Data with Matrix Analysis). Therefore, it is determined that 
this situation need not be a consideration in expanding the presently 
existing system, since its size is already limited by another effect of 
leakage current. 

The lealcage current through "clear" windings may destroy 
information if large enough. Let ~ 33 ma. (n * 75, a 100 ma.). 
The H applied to the cores at 3. . . leakage current 

in the read winding is: turns). From the clear winding: 

^ (-20 turns). 

2 n— 1 

The net H Is the sum of the above: 

NetH- ^ n. i (10 - 20)= »2. 215 ma. turns. 

This is much too small to disturb the remanezxt state sufficiently 
to increase the output voltage of a core when read out at a later date. 
Again matrix size is already limited by another effect of leakage 
current. 

Matrix Analysis of Diodes 

Total leakage current was found to be a function of Ij the 
selection current, n the linear dimension of matrix size, and the 
characteristics of the particular diodes used. Forward and reverse 
low voltage characteristics of the Sylvania IN56A, the diode used in 
the system under conslderaUon, obtained from the manufacturer 
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{Figs. X snd XI) permitted the celculsUon of the magnitude of total 
leakage current for any matrix size and given value of X^. These 
results are plotted in several different forms in Figs. VII* VIH* and 
VIXI*A. The curves show both the manner in which total leakage 
current increases with matrix size and magnitude of read current, as 
well as the relative^absolute magnitudes of total leakage current. A 
significant system improvement was noted over the germanium diodes 
with the use of a silicon diode, Transitron type S«S. It was necessary 
to increase the matrix size to 256 x 256 in order to obtain leakage 
current magnitudes to permit plotting on the same scale of Fig. VII. 

Memory Core Characteristics 

Theoretically, core output voltages should depend on the 
remanent position of the core on its hysterisis loop, being propor* 
tional to the incremental permeability at each reznanent position. 

When output data was taken for the three possible remanent states of 
the cores as used in this system, it was found that the curves of out* 
put voltage versus magnetizing force were coincident up to a magne* 
tizing force of about . 2 amp. •turns. It is felt that the reason for this 
lay in the accuracy limitations of the test equipment rather than the 
actual core characteristics being identical for all three reizuuient 
states. In the measurement of the extremely small output voltages 
from the small magnetizing forces which would result from the magni* 
tudes of leakage currents found in the diode azialysis, differences in 
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output voltages between the core states were not measurable. 

Because of this, and since the output voltage curves appeared to be 
coincident near the origin, with a constant elope, the aesumptlon 
was made that any actual differences of output voltage for the rema* 
nent states would be negligible up to a magnetizing force of . 2 amp. • 
turns. 

When the magnetizing force was Increased to values near the 
region of operation, it was found that an appreciably higher ^*1" out* 
put was obtainable. The response of a "I" for a read current of 110 
ma. was plotted on Fig. IX*B to illustrate this. Bozorth (1) shows 
how incremental permeability varies for different remanent states. 

Correlation of Core Data with Matrix Analysis 

Every core with leakage current in it will generate a voltage 
on an output winding. A general ai^lysis of the matrix using estab* 
Ushed magnitudes of leakage current, core voltage output data, the 
equivalent circuit of Fig. V*B, and the number and direction of core 
windings, was made to determine a final magnitude of output voltage 
from leakage current. It was found that all the leakage voltages from 
cores associated with the two parallel branches cancelled, leaving as 
the only leakage output voltage that generated by the cores associated 
with the set of forward .diodes In series with the parallel branches of 
Fig. V-B. These cores, in the case of a selected position of <X|, yp, 
are at the (x. • y. « } positions previously mentioned. In general 
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terms, for a selected position of (x^, y^) all cores on the line, 
less tke selected core, will generate output voltages from leadcage 
ctirrents , 

The magnitudes of leakage output voltages for a series of 
leakage currents, which were identified with matrix sixes by holding 
constant at 100 ma. , were calculated axid plotted against matrix 
size in Fig, VI, In addition ”1", ”0”, and "I'* - ”0" voltage magni* 
tude levels were drawn on the same figure. 

As previovuily noted, the leakage current output voltage is 
added to both the "I" and "O’* output voltage £rom the memory cores. 
However, the magnitude of the reference core "0" response is fixed. 
This means that if a 0" is to be read out of a memory core, leakage 
current output voltage may add a sufficient amount to the total output 
voltage to have the sensing amplifier indicate a "1” response. The 
matrix size 64 x 64 was determined to be marginal by the following 
somewhat arbitrary reasoning. 

This is the size where the "I" • "0" difference voltage is 
reduced by approximately one half, and it will be reduced even more 
by statistical variations in core and diode characteristics. Consistent 
detection of ones and zeros with very small difference voltages requires 
extremely careful engineering of sensing ampUfiers with precision 
components. This is the major limitation when it Is kept in mind that 
consistent, reliable detection is of paramount importance. 
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Noise Voltagg Cop.«iderattoR« 

It should he noted th&t these leakage output voltages are 
predictable to the ejctent that the diode and core characteristics 
are Identical. Random, xmpredictable voltages, comirLonly known 
as "noise” voltages, will esdst in this system and may ultimately 
limit the matrix sire. 

Several possible sources of noise voltage exist. A diode may 
change its characteristics after a period of operation and permit 
mere leakage current in a leakage path. This means that there may 
be Incomplete cancellation of the leakage voltages generated in the 
matrix positions ether than cores on the selected x - line, y • 
positions. These are random because the effect could be any of the 
ones discussed previously, depending cn the particular diode that is 
bad. 

Cores will undoubtedly be individually tested (automatic or 
otherwise) to obtain as nearly uniform responses as possible. Never- 
theless, small differences will exist simply because obtaining exactly 
identical cores in large numbers is a tremendously difficult problem. 
The differences In core responses will again result in incomplete 
leakage current output voltage cancellation, even if all diodes are 
exactly identical. As before, these uncancelled leakage output voltages 
are random and impredictable. 

There is always the possibility of spurious voltages being 
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generated from air leakage fltur, and other energy fielda from 
external sources. 

It is obvious that as matrix sise increases^the opportunities 
for generation of noise voltages will increase. No quantitative 
estimates or predictions can be made except by measurements as 
larger and larger matrices are operated. 
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CONCLUSIONS 



1) In the range of matrix sizes investigated, magnitudes of 
leakage current are too small to be the Uzxdting effect by preventing 
proper readout of the selected core or destroying stored information. 
The present system, then, is limited in size by the leakage current 
oxitput voltage which adds to the 0 ’ readout to indicate a 

2) Expansion of the present system to a 32 by 32 naatrix is 
feasible since at this matrix size, the leakage current output voltage 
is only 15 percent of the - ”0*’ output voltage difference. At 64 by 
64, however, the percentage is more than 50 percent, and operation 
is marginal at best. 

3} The system may not be operating at its optimum point, 
since 100 ma. read current does not yield the maximum ”1’* to ”0** 
output ratio. For each value of matrix size, the read current value 
must be optimized to give the maximum ”1*' • 
difference with miidmum leakage current. 



"O’* output voltage 
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RECOMMENDATIONS 



1) In the existing system, there always will he a diilerence 
between the *’G*' readout voltage and the reference core output volt- 
age. This difference is the leakage voltage. If a core larger than 
the memory core is used as reference, the voltage output of the 
reference will be larger and may be used to compensate for the leak- 
age voltage. Cvercompensation, or designing the reference output to 
lie between the ”1*' and ''0" readout voltages, will ease the problem 
of subsequent amplification of the output difference. 

2) The use of clipping to differentiate between the ’U" and 
^•0” output should also be thoroughly investigated. 

3) The system should be operated at a point of maximum 'U** 
to ”0” output voltage difference, and input turns (read current magni- 
tude) should be adjusted within practical limits for minimum leakage 
current. 

4) The use of smaller memory cores may greatly reduce 
the problem of winding the cores by reducing the number of windings. 

This, however, may reduce the ”1" to “0” output difference, thereby 
making differentiation between the two signals more difficult. 

5) It is of the utmost importance that a dynamic analysis of 
the system be made. The further limitations imposed by stray 
capacitance, diode shunt capacitance, and other dynamic factors may 
be extreme. 

6) The use of silicon point-contact diodes is highly recommended. 



>XQrT.4 Xg 



« •. ii;« ^0»t*f« jpilv»W« %d\ 42 |l 

»t£<r* Ml ^4^ r»»:t l^4iv9 

• U .^j#J*irv mw"*' rr*^, 'T'f* •! 

W tSfi0^ m^0»io0 oM ^ Wt*»9% A# ^4« ^ « .?os> T*<^**< 

-:<»*l ^ «i») ei #««i •< TMi Ikm Mf«»l W *1^ 

. -f 

^ •ev*t«i»4 mii §fiUK|>H€fr •• .v^ili^v 

aH»U<rT| ««(> «4«« l^>« .truant* I&<a44^4 **D' Uta ' i" MV «U 

. ^ - u 

.•'imMlfl^ mO* X& B f i* » »fui iy< W 

- 

i-| I ^ aiUt0a««ftuii •• •» >» •«• Ml (t 

M «4*« M i ^o 

1*' itiil^arr la te>9\ • M 9M ititmiB mfl (4 

c ^ 

oliqiiMS t« a e< t 4fcUi **'^'*11 

® g * • 

tftMoJsAMI m 2 fflaul 4#>>J-aeH let^iHr tiai>MNt M M <» 4 a fMal 

r ' ^l ^ai Mrt»% lAl^Mn H M4f MT 0 

)» %«««». V «# rM*4*M-» ^ ^ u ^M i >n 

.,u^stfUh Mf «1 - smUm 

>« •4«-|i«UM a I# it 4t 

• ^t frf 2w«e«fn4 *^4- i a «!■ ■ * ) m 4T .ift^Mi M iHifi#f4 Mj 



(4 



>cw9»« ir>‘«iU »l 



^A4Mf tlM4?fl lO 



II 







18 



APPENDIX A 

DETAILS OF PRC CEDURE 



Analygjg of the Diode Matrix 

Fig, IV -A, the three ditnenaioruil view of the diodo matrix, 
can he reduced to Fig. V-A or V-B. By showing that points *’A" and 
*‘B' on Fig, V-B axe always at the same potential, the points maybe 
connected for the purposes of static analysis. This reduction is 
ralid, if the assumption of identical diodes is made, because the 
ratio of the ntxmber of back, diodes to forward diodes in each of the 
two parallel leakage paths of Fig, V-B Is the same. 

It is obvious that as the matrix size is increased, more diodes 
are paralleled, lowering the ratio of the leakage path resistance to 
the read path resistance. Consequently, as N is increased, for a 
fixed readout current, the leakage paths take more and more of the 
total driver current. One important feature of memory design is 
design of the drivers, which, besides supplying readout current, must 
supply the leakage current. An important parameter for driver design 
is the ratio of leakage current (I^) to readout current (l^) as a function 
of matrix size. This curve was obtained using Sylvania-supplled low 
voltage characteristics for the diode INS^A (Figs. X and XI) In con- 
junction with Fig. V-A. 

The method used is as follows: 



1, Assume a value of N, 
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2. Assume a value of leakage current. 

3* In each of the three diode sections of the leakage path* 
divide the current in accordance with the number of 
puallel diodes. The voltage drop across the section 
is then the voltage across one diode in that section. 

4. Using Fig. X and Fig. Xl^add up the voltage drops in 
the leakage path. This voltage sum is the drop across 
the read diode. 

5. Ij is equal to {voltage drop across the read diode • . 75} X 
(58.5) ma. This equation represents the slope and Inter- 
cept of the forward characteristic curve of the diode. 
Published curves do not extend to the region of interest 
and they had to be extrapolated* but the diodes are usually 
stable up to 300 ma. D. C. and probably much higher for 
low duty cycles. 

6. Calculate the desired ratios and the value of leakage 
current. 

Leakage Current Voltage Analysis 

As mentioned previously* all the cores in a a - plane are 
linked by the same output winding. When a word is read out* one 
core in that e - plane impresses on the output winding a voltage which 
is dependent upon the core state. Other cores in that a • plane, how- 
ever* are pulsed by leakage currents* and they too impress a voltage 
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on tko output winding. This leakage voltage appeared to i»e dependent 
upon the state of the core in the leakage circuit. The system under 
consideration allows the cores to be in any one of three states* 

''clear*’, *’l", and "O'* so that it became necessary to obtidn in the 
laboratory the response of the core to small currents when the core 
was in all three states. Fig. IX >A shows a block diagram of the 
apparatus used. 

A. The "0" State. 

Driver #2 was disconnected. The output of driver fil 
was raised sufficiently to put a test core in the "0" state, then 
was reduced to zero. The output was raised in small incre* 
ments and for each increment, the core output voltage and the 
voltage across the metering resistor were recorded. Metering 
resistance voltage is proportional to the current pulsing the 
core, so that a spectrum of output voltage versus input current 
for a positively pulsed "O ' was obtained. Ten windings were 
used on the input and twestty windings were used on the output. 
The input windings were then reversed and the same procedure 
followed to get the data for a negatively driven "clear". 

B. The "I" State. 

Driver #2 was disconnected after it was used to put the 

H •! 

core in the clear state. Driver |i output was raised to 100 ma. , 
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&a4 thmn reduced to sero. The core wee now in the 1" etete. 
Driver II output wee raised in sxnall increments to 100 me. 
and data was taken in the same manner as previously. The 
output was then raised to 1 10 me. and the process repeated 
for the stable remanent state resulting irom a 110 me. posi* 
tive pulse. Fig. XX»B is a plot of the data obtained in the 
laboratory. 

Correlation of the Diode Matrix Analysis with Leakage Voltage Analysis 
In analyzing the diode matrix. Fig. Y-A was derived by con> 
nectlag equipotential points A and 'B in Fig. V-B, with the ulti- 
mate goal of computing total leakage current as a function of N. In a 
leakage voltage analysis, the Importaxit criterian Is the current In the 
individual diodes and their related cores, and it is not Immediately 
obvious that the total leakage current in the matrix of Fig. V-A will 
produce the same effect. Consequently, the two leakage paths were 
kept separate, and Fig. V-B was used as a basis for this calculaticui. 

In Fig. V-B, the number in brackets indicates the number of 
turns on the associated core through which the leakage current passes, 
and the sign indicates whether the output voltage tends to add or sub- 
tract from a read voltage. The resistances of the two lealcage paths 
are in a ratio of N to (N-1). This is based on the assumpttion that for 
large matrices the currents in the two leakage branches and hence for- 
ward and back resistances in these branches are approximately eqtml. 
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One important result of the core data is that for small 
disturbances the voltage output of the core may be assumed to be 
independent of the state (see Fig. IX-B). This greatly simplified 
the computation of leakage current output voltage as a ftmction of 
matrix size. 

The leakage voltage in one parallel section of diodes is equal 
to the product of: 

1. The current in one diode in that section. 

2. The number of turns on the core through which this small 
leakage cvirrent passes. 

3. The slope of the leakage current output voltage curve in 
volts per ampere -turn. 

4. The number of diodes in that section. 

However, the product of one and four yields the total leakage 
current in that section. The leakage voltage, then. Is independent of 
the number of diodes in each section, and is dependent only on the 
leakage currer.±. This establishes the conclusion that there is com- 
plete cancellation of leakage voltage In each parallel branch of Fig. V-B, 
which leaves a net leakage voUago of l2(N-l)(10). 

In computing the leakage voltage as a function of N, the following 
procedure was followed; 

1. the leakage current at 100 ma. read current, was 
recorded for each N curve shown on Fig. VII. 
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2. JL«akag« voltage equals 12(10)(. 0963) where .0963 is the 
slope of the leakage current output voltage curve at small 
ampere -turn driving forces. 
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appk:ndix b 

SUMMARY OF DATA AND CALCULATIONS 

Figure VU shows the result of the diode matrix analysis. Zn 
addition to indicating at what read current the ratio of leakage current 
to read current is a minimum for a given value of N, it indicates the 
upward trend in the ratio as matrix size is ixxrreased. The oiUcon 
diode curve also clearly illustrates the advantages to be gained by its 
use. 

To bring out trends more clearly. Figs. VTU and VIII-A were 
drawn from computed data. Fig. VIII shows what portion of the total 
driver current is taken by the leakage paths, and Fig, VIH-A shows 
how total leakage current increases with both matrix size and read 
currei^. 

Fig.IX-B presents the laboratory data of the response of the 
core to small magnetizing forces. Two positions of the 'T' state were 
used in order to investigate the possibility of improvement by choosing 
a better remanent point to store a 

Fig, VI shows the variation of leakage voltage v/ith matrix 
size for a read current of 100 ma. Superimposed on this plot are the 
”1” and *'0'‘ output voltages for the system as it now operates. 
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APPENDIX C 
gAMPU: CALCULATIONS 

AjMilyia ef tli> Diode Matrix 

TABLE I 



*2 


n 


(n -1) 


^2 

(n-1) 




(2n >lH 2 t -I) 


69ma 


109 


99 


404 


. 25 '' 


19700 




^2 


(kack) 


(2n -I) 


‘2 


AT 


AT 


(2is »l)(nt -1} 


(2u »i) 


w 


S.I 


2 . 5 '' 


199 


300 


. 195 '^ 


2 . 95 '' 





h 




*2^^1 


I29ma 


IS9ma 


.310 


.465 



TIm values of «gjd w«r« ol»t%iaad £rom Fig. X at p^nta 
’*A^* aad **C Tli« ratiM ol w«a aianiluly oldaiziad from Fig. XI at 
poial B. raaaltaxvt poiat» t^/^i ' .445 at I| - 129 xna. lor K - 100« 
ia pU^ad oa Fig. VII aa point D. Valaaa of Ig war* choaan ao aa to 
corar th* raglon b*tw««n lOOma. and the minimum of tk* r*anltant 



curv*. 



1UWM 



AA'rtgnt fxl*! »4i ^ A 



>ta» 



Cl' «ig-a4| 


l« 

r4’-ft4 




- 


c» 


^ti '^ii. 


m 


f9 


•Cl 






“It 

■V. 0 


%• 

fp^ 


Cl-rtI 


lrfrwl 


!• 


''ffA ''♦ri. 


MA 


•Af 




i.e 






I'V 


TtljJ 




1* 




MA. 


A*l. 






to IX >ma>iWw 

*♦0! - W net 


to c4l|» , 


^ i«i v4!#« «or 


•ciiT 

, Jl- M ‘ V 
H 



26 



CalcgUttoa of L»»kag« VolUig* 

1. For N = TS *t I| = 100 ma. , from Fig. - J3 m*. 

2. JLviUufcge Toltaga = 33 jt 10*^ (10)(*0963) = .0318 volt#. 
This r«»alt i# plotted oa Fig. VX. 
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APPENDIX D 

SUPPEEMENTAD DISCUSSION 



Although all the previoua work waa predicated oa an auialyaia 
ol the static caae. this by no means infers that the dynamic response 
of the system is of no importance. On the contrary, the dynamic 
case may impose even more stringent limitations on the expansion of 
the matrix, and before definite conclusions can be reached, this 
analysis should be carried out. Even without being znathematically 
r tgorous, several general trends can be predicted. 

Each leakage section in Fig. V»A can be replaced by an indue- 
tance in series with the parallel combination of a <^ode and a capaci- 
tance where t 

1. The diode represents the resistance of all the parallel 
diodes in that section. 

2. The capacitance represents the parallel combination of all 
diode shunt capacitance in that section. 

3. The inductance represents the inductance of the cores 
through which the leakage current in that section passes. 

The forward diode resistance and capacitance can be neglected, 
but the reverse diode resistance and capacitance is significant. Thus 
the entire leakage path can be represented by one inductance in series 
with the parallel combination of the net reverse diode resistance and 
the sum of the reverse diode capacitances. The read path can be 
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represented by the induct&nce of the core being read out, plus a series 
forward diode. 

The core is driven, by the current through its windhigs. For 
small matrices, C is small and may be considered an open circuit. 
Because of the high back resistance in the leakage circuit, the major 
portion of the driver current initially Bres through the read path, 
reading oi^ the core. As N is Increased, there is a threefold effect: 

1. Ket back resistance decreases. 

2 . Net shunt capatcity increases, 

3. The net inductance in the leakage path decreases. 

The read path circuit parameters are independent of N. 

All three effects mentioned above are detrimental to the proper 
operation of the circuit, since they all tend to shunt more initial 
current through the leakage path, and thus reduce the current in the 
read path. 

A mathematically rigorous analysis is impossible to do without 
laboratory data correlation because the shunt capacitance is variable 
with tbe back voltage across the diode. However, if the read path 
current rises too slowly, the core xnight not be read out. Generally 
speaking, if the rate of change of current in the read path io not equal 
to or greater than that in the leakage path, the system probably will 
not operate properly. 
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APPENDIX E 



OMCfUlAJL DATA 



S«« Figure 1X»A lor block 41»f r«4n of %p^ar«to« « 



Metcriag Ro«istor« = 53 ohms 
Input Turns = 10 

Out|ifi^ Turns r 20 



Puts* lonfth - 2 microsoconds 
E| r y eltsf « across motoring rosistor 
£ - Yolt«HI« «t output winding 
I| j: Ir^ut Curront 



"0 ’ Ststo ‘U < Stato {U0mu4 Clsor Stato 
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(Volts) 


h 

(ma) 


^0 ®1 
(Veits) (Volts) 


(ma) 


£0 

(Volts) 


(VoU.) 


(ma) 


(Volts) 


.225 
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1.12 
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2. 25 
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